Abstract
29
African cichlids and comprise seven described species (Pariselle & Euzet, 2009; Pariselle et 30 al., 2013) . Representatives of both genera differ in haptor morphology. Representatives of
31
Scutogyrus have a winged dorsal transversal bar with two very long auricles. They also have a 32 thin oval-shaped plate associated with the ventral transverse bar (Pariselle & Euzet, 2005;  33 absent and the auricles are shorter (Pariselle & Euzet, 2009) . A single exception to this is an 1 undescribed Cichlidogyrus representative from Limnochromis auritus (Boulenger, 1901) 2 collected in the Burundese part of Lake Tanganyika; it has even longer auricles than those 3 found on Scutogyrus representatives (Kmentová et al., 2016a) . Phylogenetically, Scutogyrus 4 forms a monophyletic clade within Cichlidogyrus, making the latter paraphyletic, but a formal 5 re-classification has not been carried out (Pouyaud et al., 2006; Wu et al., 2007; Mendlová et 6 al., 2010; Mendlová & Šimková, 2014) . The host range of species of Scutogyrus was limited 7 to mouth-brooding cichlids, specifically Oreochromini, but one recently-discovered species 8 was found on Coptodon mariae (Boulenger, 1899) (Coptodini) in Cameroon, possibly the 9 result of a host switch (Pariselle et al., 2013) . Another genus known to infect the gills of 10 African cichlids, Gyrodactylus Von Nordmann, 1832 (Gyrodactylidae), infects most fish 11 orders on most continents and comprises over 450 valid species (Shinn et al., 2011; 12 Zahradníčková et al., 2016) . Of these species only 17 are found on African cichlids
13
( Zahradníčková et al., 2016) . They differ substantially from representatives of 14 Dactylogyridae, e.g. they have 16 small hooks, two large hooks with two ventral bars holding 15 them together, and a unique lifecycle that is a combination of parthenogenesis and 16 hyperviviparity (Bakke et al., 2007) .
17
Little is known of cichlid gill monogeneans in Bangweulu-Mweru and knowledge is limited 18 to a small-scale study in the Bangweulu wetlands, Zambia from the Bangwuelu-Chambeshi 19 subregion (Vanhove et al., 2013) . In the rest of the Congo Basin, the majority of recent 20 reports are from Lake Tanganyika (Kmentová et al., 2016b) . Studies on Zambezian cichlid 21 monogeneans are limited to Douëllou (1993) and Zahradníčková et al. (2016) . The current 22 study serves as the first report on cichlid gill monogeneans (Platyhelminthes) from the 23 Mweru-Luapula subregion (see Fig. 1 for sample sites).
25
To date, over 140 African cichlid monogenean species have been described reported from 26 over 100 species of cichlids (Vanhove et al., 2016) . Over 1100 valid African cichlid species 27 have been described (Froese & Pauly, 2016) and the species richness of monogenean gill 28 parasites is estimated higher than that of cichlids. In general it is estimated that 75,000-29 300,000 helminth species parasitize the approximately 45,000 vertebrate species on earth 30 (Poulin & Morand, 2004) . We assume that the known African cichlid monogenean species 31 only represent a small fraction of the diversity. Given that the Luapula-Mweru subregion has
32 not yet been explored for cichlid monogeneans, we hypothesize, that multiple new 33 monogenean species remain to be discovered in the region. Furthermore, it is known that the 34 ancestral character of host-specificity for representatives of Cichlidogyrus/Scutogyrus is 1 intermediate specialism (Mendlová & Šimková, 2014) . Therefore, we hypothesize that within 2 the studied parasite fauna the host range for a single species of Cichlidogyrus/Scutogyrus is 3 limited to a single cichlid genus.
5

Material and methods
6
Sample collection 7
Host fish were caught with gillnets during a field expedition in the DRC from 26 th August to specimens from the type locality, Lake Kariba, were used as a reference to diagnose the 16 specimens from Bangwuelu-Mweru.
17
Sample preparation and conservation
18
Hosts were fixed in formaldehyde and deposited in the ichthyology collection of the Royal
19
Museum for Central Africa (Tervuren, Belgium; RMCA; MRAC is the French translation and 20 is used as abbreviation for the collections), stored in denatured ethanol (70%). They were 21 identified to species level by E.J. Vreven (RMCA) and U. Schliewen (Bavarian State 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Taxonomic account 
4
Infection site. Gills.
5
Type locality. Kipopo INERA aquaculture station (INERA = Institut National pour l'Etude et 6 la Recherche Agronomiques) (11°34'S 27°21"E).
7
Other localities. Kiswishi River near Futuka Farm on S. mellandi and Orthochromis. sp.
8
'Mambilima' (11°29'S 27°39'E); Luapula River off Kashobwe on S. mellandi (09°40'S
9
28°37'E) ( Table 2) .
10
Material studied. 11 specimens.
11
Type material. Holotype: MRAC 37980 paratypes: six in the RMCA 37980-379082, 37993,
12
38001-38002, two in the MNHN xxxx and two in the SAMC under A088908.
13
Symbiotype. MRAC 2016-15-P tag 2661.
14 Etymology. The species epithet is derived from the Latin "consobrinus" (cousin) and is a noun 15 in apposition of the second declension in the plural form of the nominative. It honours
16
'Neveneffecten', a cabaret quartet with members who are all relatives, and in particular
17
Lieven Scheire for his efforts towards popularizing science.
18
Description. Monogenean on average 575 µm long. Dorsal and ventral anchors small (a<40 19 µm) and in several specimens, fenestrated. Dorsal anchors strongly asymmetrical as the guard 20 length is 3-4 times the shaft length. Dorsal anchors with V-shaped indentation in the base.
21
Blade curved and short as the distal tip does not surpass the guard laterally. Dorsal transverse 22 bar slightly concave with developed auricles. Ventral anchors 1-5 µm larger than dorsal ones,
23
with a more symmetrical base and a longer, more pronouncedly-curved blade that surpasses 24 the guard laterally. Indentation U shaped. Ventral transverse bar V shaped and simple.
25
Uncinuli short (<1.7 times the length of uncinuli pair II sensu Pariselle & Euzet, 2009 ). Penis 26 is a simple, thick-walled, slightly-curved tube with a rounded basal bulb. A rectangular heel is 27 attached to the side of the basal bulb. The accessory piece crosses the penis and is attached to
28
it at the distal side of the basal bulb. It is a slightly curved tubular structure with at the distal 29 end a broad sickle-shaped hook. At the base of this hook there is a knob-shaped structure with 30   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 a groove in the middle. This structure protrudes and continues as a secondary tube within the 1 accessory tube (Fig. 2, 3b ). 
18
Cichlidogyrus halli Price & Kirk, 1967 species complex (Fig. 3c,d; 4) .
19
Type host. Tilapia shirana (Boulenger, 1897) (now Oreochromis shiranus Boulenger, 1897).
20
21
Type locality. Fort Johnston, Upper Shire River, Malawi. by genetic data. Our decision is also based on the fact that no representative of Cichlidogyrus 26 has been described solely based on morphological differences in haptoral structure, while no 27 morphological differences are apparent on the MCOs of the two morphotypes.
29
C. papernastrema (Fig. 5; 6a, b, c) . 27°30'E) ( Table 2 , this study).
8
Material studied. Seventy mounted specimens from fresh material and one holotype. consists of a penis with a heel and an accessory piece that is longer than the penis itself.
20
Latero-proximally at the basal bulb a heel is attached, which is shaped like a bulge, sometimes 21 also broadened. The penis narrows slightly at the distal end of the basal bulb, after which it 22 broadens again to the same width as the basal bulb. The penis then again narrows and curves 23 towards a sharp end. The accessory piece is attached to the distal end of the basal bulb and 24 starts as a narrow tube under the penis. Where the penis curves, the accessory piece broadens.
25
More distally, the accessory piece turns towards the penis and ends in a hook. The vagina is 26 not sclerotized.
27
Remarks. was detached from the basal bulb due to the flattening of the holotype during mounting. In 1 turn this has moved the accessory piece and flattened the penis, giving it a broader appearance. Table   7 4) and host species of our collected specimens coincide with the holotype, we consider them much larger than all other collected specimens in total length, size of anchors and bars.
12
Possibly, this is intraspecific variation influenced by host species. The only further difference
13
we noticed was that the shaft of the ventral anchors is slightly shorter in our collected 14 specimens than in the holotype (Table 4) .
15
Cichlidogyrus quaestio Douëllou, 1993 (Fig. 6 d,e; 7) .
16
Type host. Tilapia rendalli Boulenger, 1897 (now C. rendalli (Boulenger, 1897)).
17
Additional hosts. Sargochromis codringtonii (Boulenger, 1908) , S. macrocephalus, T.
18
sparrmanii.
19
20
Type locality. Lake Kariba, Zimbabwe.
21
Other localities. Lake Kipopo on C. rendalli (11°34'S 27°21'E); Kipopo, INERA aquaculture 22 station on C. rendalli (11°34'S 27°21'E) (this study); Futuka Farm on C. rendalli and T.
23
sparrmanii (11°29'S 27°39'E) (this study); Luapula River off Kashobwe on C. rendalli shaped indentation at the base. Blade curved, but subtly interrupted by an angle in the middle. yanni, while the penis is shorter. Furthermore, among these four species, C. quaestio is the 28 only species that has a straight and rectangular heel. Also, the accessory piece of C. quaestio 29 is more slender and the accessory tip is unique because the base of the hook is broadened and 30 gradually narrows in a longer curve than the others. Lastly, the basal bulb of C. quaestio is 31 unique in its morphology in that it has an oval-shaped indentation. 32   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
The differences with the original description (Douëllou, 1993) are predominantly found on the 1 MCO. Firstly, on the original drawing the attachment of the accessory piece with the basal 2 bulb was not represented and the basal bulb lacked the indentation. Furthermore, the heel is 3 shorter and more rounded in the original description. Lastly, the primary shafts of uncinuli 4 pair I are not as broad as represented on the original drawing.
5
Cichlidogyrus papernastrema and C. quaestio co-occur on C. rendalli and T. sparrmanii and 6 can be hard to distinguish since both have long uncinuli pair I, short uncinuli pairs III-VII and 7
an MCO in which the accessory piece is longer than the penis. However, the primary shaft heel is different as in C. quaestio it is at the distal end of the basal bulb and in C.
13
papernastrema it is located more laterally. Lastly, the blades of the ventral anchors in C.
14 quaestio are more pronounced and have a longer crescent-shaped point than do those of C.
15
papernastrema.
16
Cichlidogyrus zambezensis Douëllou, 1993 (Fig. 8; 9a,b) . 
20
21
22
Other localities. Lake Kipopo on S. macrocephalus (11°34'S 27°21'E) (this study); Kipopo,
23
INERA aquaculture station on S. mellandi and S. thumbergi (11°34'S 27°21'E) (this study); 
20
Mweru and from the type locality, Lake Kariba, differed from the original drawing and 21 measurements.
22
The major difference from the original drawing is that in all but a single specimen (from Lake
23
Kariba) the swollen portion of the penis is much larger than originally drawn. Furthermore,
24
Douëllou (1993) states that C. papernastrema and C. zambezensis are the only representatives
25
of Cichlidogyrus with an accessory piece that is not connected to the basal bulb. However,
26
(see remarks on C. papernastrema above) we have observed this connection in both species.
27
In some specimens, the accessory piece appears to be segregated from the basal bulb but in 
32
Also, uncinuli I appear with a slightly longer shaft than originally drawn; the ventral anchors 33   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 are a bit more slender and the dorsal anchors do not always have such a pronouncedly 1 asymmetrical guard as on the original drawing.
2
A few differences in measurements between the freshly collected specimens from 3 Bangweulu-Mweru and Lake Kariba were observed. Firstly, both the ventral and dorsal 4 transverse bars as well as the auricles are larger in specimens from Bangweulu-Mweru. The 5 accessory piece is smaller in specimens from Lake Kariba (Table 6 ). These differences 6 between the two localities can be explained by stochastic effects, geographical variation or 7 host adaptation. However, the measurements of these specimens from S. macrocephalus from 8 both regions correspond with each other, which may point to differences in the size of 9 sclerotized elements due to adaptation to the host. 
18
Cichlidogyrus sp. (Fig. 6f) .
19
Host. T. mylodon.
20
21
Locality. Luapula River off Kashobwe (09°40'S 28°37'E).
22
Material studied. 3 mounted specimens.
23
Remarks. From T. mylodon, three parasites were collected whith a haptoral morphology that 
27
Furthermore uncinuli pairs III-VII are short. Because species of Cichlidogyrus from T.
28
mylodon have not been studied yet it is possible that the specimens found here belong to an 29   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 undescribed species. However, this cannot be assessed with the material available. Because in 1 none of the three specimens the MCO was visible, they could not be identified to species level. et al., 2013; nobis) . This is likely the result of sampling bias. For C. rendalli and T.
27
sparrmanii the same gill parasite fauna was observed in both Mweru-Luapula and was not found on T. sparrmanii in the Mweru-Luapula area. However, we suspect that C.
30
tiberianus does occur here on T. sparrmanii, but was not found due to sampling bias. representatives of Oreochromis within this range.
6
Of the 14 parasite species, C. consobrini sp.n. was described; one new morphotype of C. halli 7 was characterised and three cases of intraspecific morphological variation were discussed. determine to what extent the parasite fauna is a reflection of the distribution of its hosts.
22
Host-specificity and biogeography
23
The parasites found in Bangweulu-Mweru range from strict specialists to generalists
24
(following Mendlová & Šimková, 2014) ( Table 1) . Only one strict specialist, C. philander,
25
was found in this study; occurring on P. philander (Pariselle & Euzet, 2009) . A species for 26 which the reported host range was remarkedly increased is C. papernastrema, which was 27 previously known as a strict specialist, but is now found to be a generalist. This illustrates 28 how understudied some of these parasite species are. However, in general the host range of 29 these parasite species in Bangweulu-Mweru is found to be narrower compared with Lake
30
Kariba. This trend is most distinct for parasites from O. mortimeri and S. macrocephalus. In
31
Lake Kariba, these hosts are both infected by C. dossoui, C. halli, C. sclerosus and C.
32
zambezensis (Douëllou, 1993) . All four of these parasite species also occur in Bangweulu- , 1990) . In other words, the transition from a river to a lake system may favour a 9 broader host range for parasites and a higher tendency for host switching through more or new 10 encounters between host species. In Lake Ossa, Cameroon, a broader host range for several is that the fauna is determined by the host taxon up to the level of host genus in most cases, 34   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 37   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 35   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Price, C.E. & Kirk, R.G. (1967) . First description of a monogenetic trematode from Malawi. 36   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Number of specimens n = 11 n=7 n=5
Ventral anchor
Total length, a 31 ± 1. 27 ± 2. 9, 3 (24-30) Shaft length, c 8 5 ± 1.1, 8 (3-6) 6 ± 0.9, 3 (5-6) 3 ± 0, 2 (3-3) 5 ± 0.7, 3 (4-6) Guard length, d 13 11 ± 2.5, 9 (7) (8) (9) (10) (11) (12) (13) (14) 13 ± 1. 1, 4 (12-14) 7 ± 0.2, 2 (7-7) 12 ± 0. 6, 3 (12-13) Point length, e 10 11 ± 1.8, 9 (8) (9) (10) (11) (12) (13) 11 ± 2. 6, 4 (8-13) 10 ± 0.9, 2 (9-10) 12 ± 0. 8 (19-29) 25 ± 1.6, 4 (24-28) 16 ± 3.9, 2 (13-19) 24 ± 6.6, 2 (20-29) Shaft length, c 7 6 ± 1.2, 8 (3-7) 6 ± 0.3, 4 (6-7) 5 ± 2.3, 2 (3-6) 6 ± 1.3, 2 (5-7)
Guard length, d 17 17 ± 2. 6, 8 (12-17 ± 1.5, 4 (15-14 ± 3, 2 (12-18 ± 3, 2 (16- 1.5, 3 (10-13) 10 ± , 1 13 ± 0, 1 11 ± 0, 1 Length, III 21 18 ± 1.7, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 17 ± 0.2, 3 (17-17) 19 ± 0. 9, 2 (19-20) 17 ± 2.8, 2 (15-19) Length, IV 21 22 ± 2.3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] 23 ± 1.9, 4 (21-25) 19 ± 0, 1 23 ± 3, 2 (21-25) Length, V 23 24 ± 4.5, 23 ± 4.6, 4 (17-28) 20 ± 2, 3, 2 (19-22) 29 ± 1.9, 2 (27-30) Length, VI 20 24 ± 5.6, 24 ± 7.2, 2 (19-29) 20 ± 0. 8, 2 (20-32) 28 ± 6.2, 2 (24-33) Length, VII 16 21 ± 3.9, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 19 ± 3.5, 4 (14-22) 18 ± 0. 1, 2 (18-19) 25 ± 2.3, 2 (24-27)
MCO
Penis length, Pe 32 31 ± 4.6, 18 (26-44) 32 ± 4.7, 10 (26-44) 30 ± 3.8, 5 (28-36) 26 ± 3.5, 3 (23-30) Length of accessory piece, 37 39 ± 7.1, 17 42 ± 6, 10 (33-37 ± 3.2, 4 (33-30 ± 8.5, 3 (24- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Ventral bar   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Total body length 316 ± 59. 1, 13 (219-413) 569 ± 72 (381-678) 534 ± 84.3 (394-692) 550 ± 70. 1 (454-764) 53 Present study Maximum count n = 17 n = 11 n = 4 n = 6 n = 15 n = 17
Ventral anchor
Total length, a 35 ± 2. 6, 13 (32-39) 34 ± 2. 9, 6 (28-37) 33 ± 0. 7, 4 (33-34) 41 ± 2. 9, 3 (38-44) 99   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
